It was reported that an application of high-K (isotonic, 40 mm) caused an increase in oxygen consumption accompanied by an increase in tension change in guinea pig taenia coli (1) and that these changes were reversibly abolished by a depletion of Ca from the high-K medium and Sr could replace Ca only for oxygen consumption (2). These results suggest that Ca entering smooth muscle treated with high-K probably increases oxygen consumption, independent of an increase in muscle tension. In a previous paper (3), effects of factors inhibiting tension development on oxygen consumption of the muscle in high-K medium were reported. Glucose removal from the high-K medium abolished the already developed tension corresponded with a decrease in the elevated oxygen con sumption rate. Addition of DNP (1 x 10-'m) to high-K medium further increased or maintained the increased oxygen consumption although it abolished the already develop ed tension, and the change in oxygen consumption was not modified by Ca removal. On the other hand ouabain (2.5 x 10-8 M) maintained the increased oxygen consumption in high-K medium, but almost abolished the developed tension. The increase in oxygen consumption was dependent on external calcium.
the already developed tension corresponded with a decrease in the elevated oxygen con sumption rate. Addition of DNP (1 x 10-'m) to high-K medium further increased or maintained the increased oxygen consumption although it abolished the already develop ed tension, and the change in oxygen consumption was not modified by Ca removal. On the other hand ouabain (2.5 x 10-8 M) maintained the increased oxygen consumption in high-K medium, but almost abolished the developed tension. The increase in oxygen consumption was dependent on external calcium.
In the present paper, effects of factors inhibiting high-K induced tension and/or oxygen consumption on Ca distribution in taenia coli are studied and this throws some light on a participation of Ca distribution in changes in tension and oxygen consumption of the muscle in high-K medium.
A study on ouabain and DNP with high-K on Ca exchange in taenia coli has been reported by Pfaffman and Holland (4) , which is incompatible with the present data.
METHODS
Strips of taenia coli isolated from white male guinea pigs were suspended in an organ bath containing Tyrode solution of the following composition (mm); NaC1, 136.8; KCI, 2.7; CaCl2j 2.5; MgCl,, 1.0; NaH,P0,, 0.4; NaHCO,j 11.9 and glucose, 5.5. The solu tion was saturated with 95% 02 and 5 % CO, mixture and maintained at 37°C. Tension changes were isometrically recorded with a mechanoelectro-transducer.
This work was partly supported by a research grant from the Ministry of Education, Japan. 45Ca uptake : After pretreatment , muscle strips were placed in 40 mm K (isotonic or hypertonic) medium for 30 minutes, then various treatments were performed. At thirtieth minute of the treatment, "'Ca (1 x 10® counts/min-ml at final concentration) was added to the medium for incubation. After 30 minutes incubation period, the strips were removed from the bath. The procedure of this experiment is shown in Fig. 1 . Then the strips were drawn across a sheet of filter paper to remove adhering solution, weighed and ashed, and radioactivity was counted using proportional gas flow counter. As the muscle Ca was almost exchangeable and the exchange completed within 30 minutes (5), tissue Ca is attempted to be estimated from an exchanged Ca fraction during 30 minutes in 45Ca up take experiment.
45Ca uptake (4 min wash) : The experiment was similar to that in the preceeding para graph except that the strips were washed three times in 4 minutes at the end of the incuba tion period with a non-radioactive Tyrode solution of the same chemical composition as the incubation medium. A Ca fraction which did not exchange within 4 minutes has been named as "tightly bound fraction (TBF)" (5) and was estimated as mEqCa/kg tissue wet weight from the 45Ca uptake (4 min wash) experiment. Tissue Ca: Strips were treated in the same manner as in the isotope experiments and Ca content was determined using atomic absorption spectrophotometer.
Results are expressed as mEq/kg uncorrected for extracellular space.
The methods mentioned above were described in detail in the papers (5, 6). Extracellular space : As the uptake of 14C-sorbitol reached a steady value within 10 minutes in taenia coli (4, 7), 14C-sorbitol (0.5 ,uCi/ml at final concentration) was added fifteen minutes before the end of each experiment as shown in Fig. 1 . After the incuba tion period, the strips were drawn across a sheet of filter paper to remove adhering solu tion, weighed, digested with 1 ml of a solubilizer, soluene-TM-100 (Packard Co.), at 37°C overnight. The sample was then added with 10 ml of toluene based scintillator and radioactivity was counted using a liquid scintillation spectrometer (Packard type 2311) at room temperature. The toluene based sintillator was prepared by dissolving 4 g of 2, 5-diphenyl-oxazole (PPO) and 0.1 g of 1, 4-bis[2-(5-phenoxazolyl)] benzene (POPOP) in 11 of toluene. Extracellular space was calculated as mEqCa/kg from 14C-sorbitol space and Ca concentration (5 mEq/1) of external medium. A value of intracellular Ca space is equal to tissue Ca subtracted by an extracellular space.
Isotonic 40 mm K (iso-40 K) Tyrode solution was prepared by a substitution of 40 mm KCl for an equimolar NaCl, and hypertonic 40 mm K (hyper-40 K) solution was pre pared by adding KC1 crystals to normal Tyrode solution. Ouabain (2.5 x 10'BM) and DNP (1 x 10-4M) was dissolved in Tyrode solution before each experiment. In Li sub stitution experiments, 60, 75 or 90 mm LiCl was substituted for each equimolar NaCl in hyper-40 K solution which corresponds to 2/5, 1 /2 or 3/5 of total Na, respectively. Anoxia was introduced by bubbling with 95% N2 and 5% CO, mixture in Tyrode solution. 45Ca was supplied by the International Chemical and Nuclear Corp., U.S.A., as 95CaC12 and 14C -sorbitol by the Radiochemical Centre , England.
RESULTS
Tension changes : Isotonic 40 mm K (iso-40 K) solution induced a phasic contraction followed by a tonic one reaching about 10 g tension. When high-K medium was exchanged with normal one, tension rapidly returned to the original level. Ouabain (2.5 x 10-6 M) was applied to the muscle 30 minutes after the addition of high-K and the muscle showed a gradual decline of tension to the original level within 30 minutes ( Fig. 1-A) . 1 x 10-'M DNP reduced the already developed tension more rapidly than ouabain ( Fig. 1-B) . Anoxia showed a similar result to DNP in tension curve. On the other hand, glucose removal from the high-K medium decreased the developed tension slower than the ouabain treat ment.
An addition of hyper-40 K solution developed tension to about 12 g and 1 /2 Li (75 mm) substitution decreased the tension which was similar to the ouabain treatment ( Fig. 1-C) .
These results are in agreement with the previous paper (8).
Tissue Ca: Ninety minutes after the addition of iso-40 K, tissue Ca was determined by the atomic absorption spectrophotometer, and Ca in tissue rose from 4.40±0.11 (10) Fir.. 1. Effects of ouabain, DNP and Li substitution on the developed tension induced by high-K in guinea pig taenia coli. Note : A. 2.5x 10-6M ouabain was added 30 minutes after iso-40K appli cation.
B. I x 10-4M DNP was added to iso-40K medium. C. 75 mm Li was substituded for equimolar Na in hyper-40K medium. 45Ca added 'r : At an arrow , the solution was exchanged with 45Ca-added solution in the 95Ca uptake experiment. '4C-sorbitol added T : At an arrow , the solution was exchanged with 14C-sorbitol-added solution in the ECS experiment . effects on Ca distribution in the muscle to those in iso-40 K medium (Table 1) .
DISCUSSION
The intracellular Ca space in taenia coli was not able to be divided into fractions using the 41 Ca efflux curve (5, 9). It was tentatively divided into two parts using the result of "Ca uptake (4 min wash) experiment (5), and the Ca fraction in the smooth muscle which did and did not exchange within 4 minutes were named as "loosely" and "tightly bound fraction", respectively (5). As shown in Fig. 2 , the "tightly bound fraction" (TBF) was estimated to be 75% of intracellular Ca space in normal medium. In high-K medium, both intracellular Ca space and TBF increased in their absolute value and TBF also in the relative value. The factors inhibiting the high-K induced tension, viz., ouabain, Li substitution, DNP, glucose removal and anoxia, decreased the increased size of TBF by high-K to the level in normal medium. These results confirm the suggestion that Ca fraction which did not exchange within 4 minutes (TBF) may be closely related to tension development in taenia coli (5, 6, 10, 11) . The increased tissue Ca in high-K medium was reduced by DNP, glucose removal and anoxia to the control level although ouabain and Li substitution did not significantly alter it (P<0.01).
As these factors did not affect the extracellular space of the muscle, it may be said that the increased intracellular Ca by high-K was reduced by DNP , glucose removal and anoxia and not influenced by ouabain and Li substitution . Saito et al. (1) reported that the application of high-K (iso-40 K) caused an increase in oxygen consumption that accompanied tension change in taenia coli . Ouabain (2.5 x 10-BM) added to the high-K medium maintained the increased oxygen consumption at the same level and the Ca removal reversibly decreased it to the level in normal medium (3) .
Substitution of Na with Li (2/5 or 1/2) in hyper-40 K medium exhibited a similar result to ouabain on oxygen consumption and the Ca removal also reduced the oxygen consump tion to the control level although the reversibility was fairly poor (unpublished data) .
On the other hand, glucose removal from iso-40 K medium reversibly decreased the elevated oxygen consumption rate and under low oxygen supply (5% 0 2) the muscle showed extremely small respiration even if high-K was added (3) . In the case of DNP treatment, the augmented respiration rate in high-K medium further increased or main tained at the same level which was not modified by the Ca depletion . It was suggested that Ca possibly plays an essential role in the increased oxygen consumption of the muscle treated with high-K and ouabain, and that the change in oxygen consumption caused by DNP is probably induced by a different type of mechanism (3) . Comparing these and the present data, it would be seen that the increase in oxygen consumption is closely related to the increase in intracellular Ca except in the case of DNP which is thought to be in dependent of Ca.
It is proposed that Ca entered into the muscle cell during high -K induced tonic con traction stimulates the metabolic process(es) , resulting in an increased oxygen consump tion, and energy obtained in phosphate metabolism coupled with aerobic carbohydrate breakdown is probably utilized to maintain the process of transmembrane transport of Ca into the cell (and to TBF) which sustain contracture . DNP, glucose removal and anoxia, which depress a production of high energy phosphate compounds , probably inhibit the process of Ca entry into the cell and also to TBF resulting in decrease in intracellular Ca and oxygen consumption . Ouabain, which is well known to inhibit Na, K-activated ATPase, and Li substitution are assumed to block the process of Ca entry to TBF only , and not to inhibit the transmembrane Ca entry resulting in an decreased tension and in creased oxygen consumption. The presence of Na , K-activated ATPase in taenia coli has been demonstrated (12). Pfaffman and Holland reported the effects of ouabain and DNP on Ca exchange in taenia coli in hypertonic 40 mm K medium (4) . That is, the elevated tissue Ca and "Ca uptake washed for 4 minutes following incubation , which corresponds TBF in this paper, in high-K medium were decreased to the control levels during the abolition of tension by ouabain (2.5 x 10-6M), but the tissue Ca level remained elevated in the presence of 1 x 10'4M DNP. The results presented in this paper in relation to tissue calcium are diagonally opposite to theirs. It is difficult to present a satisfactory explanation of these contradictory results except to suggest the possibility that there may be a difference in the sensitivity of the muscle strips isolated from guinea pig maintained under widely varying conditions in the respective laboratories. However, the effects of Li substitution, glucose removal and anoxia on tissue Ca would support the results of ours rather than that of Pfaffman and Holland (4) .
In this paper, the results and the discussions were focused on the K-induced tonic con traction only. It will be studied further on the relationship between Ca distribution and tension development or oxygen consumption in the K-induced phasic contraction, which is induced by a different type of Ca movement (5, 10). SUMMARY 1. Effects of ouabain, Li substitution, DNP, glucose removal and anoxia on Ca dis tribution during K-induced contracture in guinea pig taenia coli were studied. The Ca distribution was estimated by investigating the tissue Ca, extracellular-"C-sorbitol space, "Ca uptake and "Ca uptake of cellular fraction which did not exchange within 4 minutes and was named as "tightly bound fraction (TBF) ".
2. Isotonically (or hypertonically) added 40 mm K induced a tension development and an increase in tissue Ca and the TBF. When ouabain (2.5 x 10'8 M) was added 30 minutes after the high-K application to the muscle, the developed tension gradually de creased to the level in normal medium within 30 minutes, tissue Ca remained elevated and the TBF returned to the control level. The Li substitution (75 mm for Na) exihibited a similar result to ouabain. On the other hand, DNP (1 x 10-'m), glucose removal and anoxia abolished the K-contracture and decreased the increased tissue Ca and TBF to the control level. All the factors did not modify an extracellular space of the muscle. In summary, ouabain and Li substitution exert an action on the TBF only, while DNP, glucose removal and anoxia both on an intracellular Ca space and the TBF.
3. From these results, it is assumed that in the tonic contraction Ca enters through the membrane of the smooth muscle depolarized by high-K, and Ca entering into the in tracellular Ca space participates in an increase in oxygen consumption, while Ca entering into the "tightly bound fraction" relates to a tension development.
